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Abstract

Openness enables a range of business models and strategies for the development of software intensive products. It opens the barriers between a business and its clients. It opens the barriers between content, how that content is created, and how it is delivered. Openness is bringing fundamental change to both business and technical aspects of software intensive product development; however, just labeling an artifact or process as “open” does not deliver the anticipated benefits. Each anticipated benefit is enabled by specific characteristics of the development strategy or the organizational operation. This report presents the basic ideas surrounding openness, differentiates these ideas from one another, and discusses them in the context of collaborative software product line development. The software product line approach to development of a set of software-intensive products provides a strategy which complements the strategies enabled by openness. This report provides a discussion of the interactions between openness and the software product line development strategy and speculates on the impact of openness in a software product line context. Several scenarios are described to delineate how the areas are related, how they differ, and how they are mutually supportive. Case studies are used to illustrate the scenarios.

1 Introduction
Openness is seen as the solution to many software development problems. Open source software is seen as a supply of cheap software. Open standards and open interfaces are seen as the enablers of interoperability. Open architectures can be the basis for a wide variety of system types. In reality, there are misconceptions and confusion resulting from the use of the term “open” by many different people in many different ways seemingly in the same context. In this report we will identify these different meanings and discuss the implications of these different approaches for achieving specific product development objectives.
Openness refers to a style of management and development that promotes consensus driven decisions based on a rationale accessible to all. Open source software projects exhibit openness in the creation of software, by anyone who wishes to participate, that will be available to everyone at no cost. Many standards groups, even ones with specific membership criteria, welcome outside participation by non-members in the standards definition process to broaden the perspective of the eventual definition. 
Openness has also been used to characterize the extensibility of an artifact. An open artifact can be used as the basis for a new definition without internal modification. For example, an open interface may define mechanisms by which it can be used as the starting point for the definition of another interface. An open architecture supports the definition of a new architecture.
Openness is being adopted in many areas such as business, science, and government. Open business models lead to the elimination of barriers to collaboration within an organization and between organizations. Open science is an emerging application in which experimental results are made available to all and scientists collaborate to solve problems. Open government, in which public expenditures are available online for citizens to view, is intended to reduce waste and encourage good management through the oversight of many eyes. 

Successful open development efforts share several characteristics including transparency, distributed collaboration, and user-driven innovation. Many open source software development projects are highly transparent. All administrative and technical issues are documented online and are available for all to see. Other open source projects are semi-transparent in that the latest source and binary codes are available but much of the deciding on priorities and other decisions are made by a consortium of collaborating companies and are not open for comment.
Open projects use a variety of tools to achieve the desired development environment. Distributed participants communicate in a transparent manner using mailing lists, bug reporting systems, and wikis, which make the communication available to everyone. The work in progress is made available to anyone through a change management system. Product users are able to participate as much as they wish through tools that allow them to build the product themselves. This provides users the ability to make incremental changes and test them out before suggesting the changes to the product developers.
Despite the popular image of the solitary programmer sitting in a cubicle surrounded by hardware, development of software intensive products has always been collaborative. Openness expands the scope of these collaborations to communities of interested people. The development community expands from a single multi-person team in a single organization responsible for a single product to global teams representing multiple organizations and responsible for a portfolio of products. Equally important is the user community. Users not only suggest innovations, they often contribute by answering questions from other users and by providing examples of actual use. The collaborations cross virtually every imaginable boundary: product, business unit, company, and country. 

Open development efforts are driven by users’ ideas for new features and their reports of existing bugs. These ideas are filtered and prioritized by the committer community. Any individual is free to contribute any feature they wish so priority setting is not as controversial or absolute as it might be.
Open source software development is not just a technology-based phenomenon. There are issues of technical and organizational management, not unlike a software product line.  Openness is often adopted as a strategy for the development of products that are complementary to those products on which a company bases its business plan. The idea is to commoditize those products that facilitate the use of the profitable product. For example, having free gaming software for a new mobile device is likely to increase sales of the device.

In this report we will describe open and product line strategies for software development and explore how they interact and could co-exist. The purpose of this report is to clarify some important nuisances that can make the difference between success and failure. We will explore the business and technical aspects of being open. In this chapter we provide baseline definitions and characterize each topic before analyzing them, and their interactions, in detail in later chapters. 
1.1 Baselines: openness and software product lines

There are many flavors of both openness and software product lines. We provide a basic view of openness and software product line development as the baseline for discussing issues about both. These descriptions are high-level but capture the essentials for each. We will use case studies to look at specific instances.
1.1.1 Openness
The use of “open” in the terms “open source software”, “open interfaces”, and “open standards” refers to attributes of the legal and technical environments in which each type of asset is created and nurtured. These environments allow any interested party to participate in the creation of the asset. Further, any party can access and use any of the assets regardless of whether they contributed to the development of the asset.
Open source software, technically, is a term that should only be used for software that is released under a license approved by the Open Group []. However, in popular use, the term refers to any software for which access to the source code is freely provided.  The Open Group itself has approved several different types of licenses that have been submitted to it by various organizations. Several organizations that provide full access to their source code at no cost, such as Eclipse and Apache, that have reached critical mass in terms of influence, have created their own licenses that support their specific business model. In this report we will use the broader meaning of the term.
Earlier incarnations of this approach include the Free Software Foundation (FSF) and certain licenses from Berkley. Certain software vendors have provided a two tiered pricing structure in which the customer purchases the right to use the product as it is released but they can purchase access to the source code for a higher price. In these cases the license, to which the customer must agree, placed many restrictions on the use of that source code. 
The term has come to imply something more than just how accessible the source code is; it has come to mean a particular collaborative style of development. There is nothing in the usual definition to prevent a single company from developing a product and then releasing it under an open source license. However, open source software is usually developed as a collaborative effort of many individuals and/or companies who will each realize some benefit from the development.
Open is used as a modifier for several terms. An open standard is a description of some process or algorithm that has been developed using an open process and is available to all. An open interface, which is really intended as a standard itself, refers to the specification of an architectural interface that is developed in an open process where any interested party has the ability to influence the eventual specification. The resulting specification may be accompanied by a reference implementation, meant to be part of the documentation, but the reference implementation is not part of the standard. An open architecture is typically one that can be modified by adding, deleting or modifying module definitions.
There are many variations on openness. Originally, these revolved around the form of the license. Some licenses required that including their associated software made all the software in the product open source. Some licenses prohibited the use of the software in commercial products. Additional variations have emerged that address the form of the organization that controls and manages the software. This ranges from a self-organizing group of individuals to a carefully orchestrated collaboration among competing companies. 
Openness is not limited to software. Openness in scientific research is gaining acceptance. The Synaptic Leap and other sites provide the basis for community formation. One approach is to attack diseases or chemical formulations for which there is too small a market to attract commercial organizations. Malaria is one disease under active investigation using this approach. Organizational and procedural lessons learned in this very different arena may be useful in open source software development efforts.
Openness is about access and ownership.  Access provides the opportunity for collaboration, but this collaboration only works through enlightened self-interest. Each participant in an open endeavor has a reason for participating. As long as these reasons do not conflict with the rationales of the other participants, the effort can be successful. Typically the most important agreement is that the parties gain more from having partners in the effort than they would gain from having sole ownership.
	
	What is open?
	What is the value?

	Open source software
	Access to the source code
	The option to modify the software and use it as the basis for a product at no cost.

	Open interface
	Access to using the standard
	The option to design your product to implement the standard and participate in the market for implementations of the interface.

	Open standard
	Access to the process of defining the standard
	The ability to influence the definition so that existing implementations can be used in any product adopting the standard.

	Open system
	Access to using the standard
	The ability to take advantage of the community that emerges around a standard.

	Open architecture
	Access to the architecture definition.
	The ability to produce products with specified qualities that are in a community.


1.1.2 Software product line

The SEI’s definition of a software product line is “A software product line is a set of software-intensive systems sharing a common, managed set of features that satisfy the specific needs of a particular market segment or mission and that are developed from a common set of core assets in a prescribed way[cite].”    The product line is the set of systems, but the 29 practice areas described in the Framework for Product Line Practice [cite] defined by the Product Line Initiative define expectations for the capabilities of an organization not attributes of the software. 

A product line organization is focused on optimizing the production of products, where optimal is defined by explicitly selected goals for the products and the production techniques. For example, a company may wish to be first on the market with a series of products that can be expanded to incorporate a new feature in three days on average. “First to market” places constraints on the production process, while the time for modification specifies an attribute of the product. In order to achieve these goals typically there are changes needed in the organizational and technical practices of the organization.
A software product line organization achieves strategically significant levels of reuse. Several of the 29 practices relate to facilitating reuse in one way or another. The Architecture Definition practice defines modules in a manner that facilitates reuse. The Externally Available Software (EAS) practice describes how an organization imports already existing software into the organization. The Make/Buy/Mine/Commission practice describes how to determine whether EAS is a viable solution to a particular need.
A software product line organization is a community of product teams.  Like an open community, the product teams participate in the product line to achieve certain benefits to their product. They collaborate via the core assets. If benefits did not accrue from participation in the product line, the product line organization would not make business sense and would be dissolved. 

1.2 Scope of the study
This study is intended to focus on the relationships between openness and the software product line strategy for developing software-intensive products. Much has been written about open source and open interfaces and we will not duplicate that literature. We will give a brief overview of openness in the next chapter and give numerous pointers to the appropriate literature.
This study encompassed several contexts in which “open” is used as a characteristic. Open source, open interface, and open standard were the three main areas investigated. Free software, to the extent that there is open access to the source code, fits into this study. However, only business and technical aspects of this area were examined. The legal issues involved in licensing are not addressed. 
The study did not encompass all aspects of the Externally Available Software practice area from the Framework for Product Line Practice. In particular commercially available software that is acquired for reuse was not considered.

1.3 The audience

This report provides information of interest to managers of software product line organizations and others in those organizations who contribute to defining the overall strategies, context, and operation of the product line organization.  
2 Openness

Being “open” has come to have a very positive connotation. The term indicates the workings of the organization or development effort and the associated outputs are visible to, and subject to the influence of, all interested parties. Being open affects both the business model and the technical approach. In this chapter we provide the context for the rest of the report. We give a characterization of openness and present some general implications.
Using open source software, or an open interface or standard, does not have the strategic implications that being an open organization has. It does not necessarily affect the business model or technical approach as much as being open but we will describe some implications.
2.1 Open business model
The open business model can be summarized in the term “complementary.” Companies and individuals who engage in open source software development seek to enhance some elements in their value chain that complement the output of the open project. No one makes money directly from the products and services they give away. They make money by using the giveaways to make the products and services they expect to be most profitable even more attractive. For example, a company selling game boxes might support open source development of games to provide more free content targeted to their boxes in hopes of selling more boxes.
A personal computer manufacturer may, as IBM has, support the development of an open source operating system. This ultimately makes the total cost of ownership of a PC less since there is no license fee for the operating system. The lower price will enable more people to buy what the hardware manufacturer is really trying to sell. Hewlett Packard sponsors several open source development efforts that produce printer drivers for Linux. Linux users wouldn’t buy HP printers if there were no drivers available.
An individual who contributes code written on their own time may believe that developing a reputation for high-quality technical contributions will enhance their status in their current job or when looking for the next job. They may simply enjoy the work since they can choose the area in which they work, the tools that they use, and the design of their particular piece and hence add to their personal pleasure. 
2.1.1 Organization

The open development of open source software, an open interface, or an open standard requires interaction among the interested parties.  Open development efforts create communities of contributors. These may be individuals who contribute their personal effort through developing code, documentation, or testing the product. The contributors may be companies that contribute the effort of their employees, infrastructure, or cash. All of these contributors have one thing in common; they are maximizing some complementary value chain. 

The community establishes a means of communicating with one another and governing themselves.  Although many critical decisions are made by vote, open organizations, particularly standards groups, attempt for as near a consensus decision as possible. The community establishes some mechanism by which people earn the right to vote, usually as a result of their contributions to the project.
Many of the communities structure their relationships among contributors as a meritocracy. A meritocracy uses the merit of an individual’s contribution to the group to determine their status in the group. Election to governing boards, leadership of projects, and privileges such as write access to the codebase are determined by merit. Merit is usually determined by the size, frequency, and quality of the person’s contributions. Some projects even have a career path from users who submit bug reports to contributors who submit code, tests, tutorials and other material, to committers who evaluate the submissions from contributors and have write access to the codebase. 
When corporations get involved the community may become more formal with more precisely stated rules of interaction. Corporate involvement also brings additional resources such as server farms to make popular downloads more readily available.  Corporate involvement also brings the development of the broader ecosystem of products and services that feed off of the open source products.

2.1.2 Economic Model

Consider the application of product line cost functions of the Structured Intuitive Model for Product Line Economics (SIMPLE) formula to open source software [Clements xx]. In this analysis, we will consider the time of committers as well as cash costs. A basic SIMPLE expression looks like:
[image: image1.wmf]
where
Corg: An open organization that grows to the point of forming a foundation has significant organizational costs. A full-time staff coordinates the activities and maintains the infrastructure, and expenses include those salary and benefits for staff members and possible server farms to deliver products and to support building the products. This SIMPLE category may be the most expensive one in terms of taking committers away from producing code. It is also the category that may be the most rewarding for some organizations. Serving on councils that decide which projects to support is usually a reward reserved for those who are the biggest committers. Paradoxically, those who have committed the most may be promoted to positions where they commit the least. Licensing issues and intellectual property issues can have significant costs. 
Ccab: The core assets in an OSS project cover a wide range of items. The most obvious is the code base, which is carefully protected and managed. Some OSS projects produce little other than the code. Others do have some level of architecture and individual module designs. The cost of the core assets is largely in the cost of committers and contributors who create and review the code and users who post bugs.
Cunique: Every product has some unique content even if it is just the glue between existing components. The cost of the unique part will vary depending on how interesting the content is and how difficult it is to create. For committers, less interesting and more difficult tasks, which are less desirable and take longer to complete, have a higher cost.
Creuse: OSS is developed to be reusable. The benefit of open source is the ability to modify the source to provide exactly the product needed. Using an open source product in a larger context has a very different cost from using individual source statements. Most open projects work specifically to enhance the reusability of the products. For example, Eclipse uses the concept of a plug-in which can be slipped into an Eclipse installation as simply as copying the plug-in to a specific directory.
2.2 open standards

Developing an open standard involves a different degree of collaboration. The value of an open source product is in itself. Its feature set and the quality of the product attract users to the product. The value of an open standard is in the size and influence of its user community. Whether the standard is complete, correct and consistent or not is not as important as who in the community has decided to base their work on the standard. 
For this reason, groups that develop open standards tend to be consortia that cut across the membership of a particular domain. The Object Management Group (OMG), for example, has developed a number of standards by bringing together the object-oriented software development community and operating an open process by which interactions, such as sharing data between products, could be explored and standardized.
2.3 Technical Issues
The term open source refers to process issues and does not imply anything about how the software is designed. It could be developed using procedural or object-oriented design methods. It could be developed using a waterfall-based development process or an agile one. 

The most important technical implication of open source is the need for modularity.  One factor in attracting contributors to an open source project is the availability of interesting work. To support as much concurrent work as possible, the design from which the work is assigned should be composed of reasonably small modules.

2.4 Failure rate

A large percentage of the projects on SourceForge.net have never produced a first release. Many open source projects fail. They fail to win the hearts and minds of sufficient numbers of committers, their idea is subsumed by a larger, more established project, or the need for their product may not be as great as originally imagined. The high failure is good if the next project learns from the mistakes of the earlier projects.
Traditionally, this was acceptable because the cost of failure was low. Baldwin and Clark discuss modularity and the value of many experiments before a final design is chosen [Baldwin xx]. As a new model of open source emerges in which the open source project is a collaboration among employees of multiple companies, the cost of failure rises. It is still less for an individual company than building in-house, but certainly not free. 
The value of the high failure rate may be diminished as corporate managers manage the risk of such failures.  Some sources of failure, such as gaining the attention of committers, are eliminated by corporate sponsorship but an idea may have to gain wide support before any attempt is made to form a project. Or, it may have to have a more promising future prior to project initiation to overcome the risk aversion of corporate managers. 
2.5 Issues

2.5.1 Government scenario

To illustrate the implications of the difference between openness in a public effort and in a government acquisition environment, this scenario hypothesizes how the development of an open interface differs in the two environments. In the open community, an open interface is developed because a group of companies have come together in their self-interest to collaborate on a standard that will commoditize software that is complementary to the products from which the companies expect to profit. In a government acquisition environment, a group of companies come together to define a standard that will be the basis for competitive bids. 
	
	An open community effort
	A government initiated effort

	Who participates
	Companies whose products complement the products that would be built from the common interface. 
	Companies who will be bidding on the products that implement the interface

	Atmosphere
	Collaborative
	Competitive

	Evolution
	Companies are willing for the standard to evolve as needs and knowledge grow because they want to maintain the usefulness of the free standard
	Companies are resistant to any change that will cause rework because they will have to revise their products

	Ownership
	Typically a non-profit foundation owns the results of such an effort.
	The government nominally owns the interface and the standards upon which it is based; however, the typical approach has been not to force contractors to make public any products delivered to the government.


2.6 Characteristics of openness

2.7 Parking lot

Open source is about software. Think how much it costs to field a product beyond the basic software development.
A project is initiated by an individual or company. The initiator releases a collection of source code under an agreement that all will have access to it. They invite comments, improvements, and enhancements to the code with the promise that the resulting collection will be available to anyone for use. Using the web, this can be done quickly, efficiently, and globally. 

A de facto standard for how this development is carried out has evolved. It includes a web presence so that the software is available to anyone anytime, a source code control mechanism to allow access to several points in the development stream while controlling who can change the repository, tools to aid a contributor in building the entire open source product in order to test their contribution, rigorous review of contributions, and a governing set of rules that recognize merit as the basis for status.

While there are thousands of small open source efforts that produce one product, the ones that are household names produce multiple products. Apache, Eclipse, and Topcased all encompass several projects that produce products and often, fragments such as the modules in the case of Apache, which can be added into the product to provide additional capabilities. This seems a natural result of reusing the domain knowledge a group of developers amass when producing products for a particular purpose. 

Infrastructures have been created to support new efforts. SourceForge, which lists over 150,000 projects, provides a web presence and tool support for newly formed projects. Even successful projects such as Eclipse provide incubators for new projects, although in this case it is expected the projects will be related to Eclipse.

At the same time as they are working on the specification, the working group will usually seek to attract a community of interested parties. The successful implementation of these standards and interfaces depends on the robustness of the community around the effort as reflected by the number of comments, bug reports, and contributed enhancements. Whether the open interfaces and open standards are ever implemented as open source software depends on the nature of the domain and its business environment.

Development of open interfaces and standards is a collaborative effort. A working group is assembled by some organization which has interest in the domain and sufficient respect in the community to attract dominant participants in the area. The membership of the organization, which may be quite different in composition from the working group, has approval power over the working group’s output. 

Openness can result in a loss of control by the initiating group. Part of this loss of control may include loss of ownership of the intellectual property created in the open development process but more importantly includes a consensus driven decision making process that is not controlled by any one contributor.

Openness is often viewed as a pricing strategy, but it also provides a model for how diverse organizations can collaborate. The software product line strategy for developing software intensive products defines practices for managing a portfolio of products, but it provides a model for how different product teams or business units collaborate. 

An increasing number of companies are saying “Lets not build that product ourselves; lets start an open source project and let the community build it for us.” This reflects an unrealistic view of how difficult it is to build a community and in particular how hard it is to ensure that the community produces exactly what the company wants. The company most likely to succeed with this strategy understands that an open source project builds what the members of the project’s community want and that is more likely what customers will want as well.  

2.8 Overloading

The “open” in open technologies has at least two distinctly different meanings. Primarily “open” refers to access. It refers to access to artifacts and access to the artifact creation process. Open artifacts are developed under the auspices of an organization that encourages participation from as wide a group as possible. Participation is encouraged by public ownership of the intellectual property created by the volunteers which results in a level playing field in which everyone’s ability to utilize the results is equal. 

A community that will nurture and maintain the artifacts does not materialize automatically. An open source effort is usually started around an initial contribution by an individual (Linux), group (Apache), or corporation (Eclipse) but other developers must learn of the project. Infrastructures for open projects, such as Sourceforge, facilitate access by providing a central point of contact where developers looking for solutions to problems come and browse. These infrastructure sites also provide the tools for open development, which we will address later. 

A second, less widely used, but technologically very significant, meaning of “open” refers to the extensibility of the open artifact.  Some open source software incorporate explicit extensibility mechanisms. For example, the concept of a plug-in is a widely used device for extending the behavior of an open source software product. Some standards definitions are developed with explicit extensibility mechanisms. The concept of a profile is included in the definition of the Unified Modeling Language (UML) and the Meta-Object Facility (MOF) from which the UML is derived. The original standard is defined at a level of generality that supports a wide range of extensions.

The different meanings of openness focus on the achievement of different goals. Openness is most often used in a political sense meaning that participation is by all does not directly address any characteristic of the content of the open artifact; rather it is a political issue of inclusiveness. It is also a pragmatic approach to getting as many reviews of the artifact as possible to identify as many defects as possible. 

Openness referring to the ability to extend the artifact addresses the goals of maintainability and evolution.  

3 Development models

The development techniques used by open organizations have resulted in new models for organizing and running product development projects. In this section we discuss two models.
3.1 collaborative development

The self-sufficient enterprise is becoming anachronistic. Each organization is part of a matrix of merging and evolving ideas and opportunities. To realize its own potential, a company must engage external knowledge centers through well-developed alliances. -  James Brian Quinn
Collaboration in product development extends from the product user who occasionally posts a bug to the governing committees that chart the long term direction of the project. The collaboration may be formalized as a foundation to which the corporate sponsors contribute money to support a project or it may be a loose confederation of mirror sites where products can be stored and accessed. The collaboration may be very informal as in the interested party who visits the website and downloads one of the products. 

Collaboration among companies under the auspices of an open source organization has definite advantages. The open source organization owns the intellectual property rights to the products and asset created by the project. The companies gain access to the IP at a faster rate than any could have produced it by themselves and they avoid many of the legal problems that accompany a joint venture.
Since most of the participants in an open project are not co-located, technology is used to support the collaboration. Standard pieces of the infrastructure include a bug reporting tool used by product users to report problems or suggest additional features, mailing lists for user to seek help and other lists for developers on the same project to interact, and change management software to manage contributions and products. Recently tools specifically designed to support collaborative work have been developed.
3.2 open development

“Open development” is the term being used to describe a style of development that has an open structure and open communication. This model involves collaboration but it is collaboration among the developer and user communities.
Open development means viewing the development process as open to input at any time. Users have access to the products of the project continuously. Many open projects also provide access to intermediate versions of products. Nightly builds, stable builds, and releases are accessible continuously. A bug reporting facility is available 24/7 to receive reports as users try out product. Users may also use the bug reporting facility to suggest new features.

Those who download a nightly build should have access to all of the material and tools to build the product. They should be able to change the software in some way and the rebuild it. Finally, they need a means of submitting new or modified code and having it evaluated for inclusion in the official code base.
Beyond these types of tools, many open projects try to allow individual contributors the freedom to select their own technologies for developing their contributions. A number of open tools such as Maven under the Apache license and Buckminster under the Eclipse license are intended to support building products that are a combination of technologies.

Open development shares many characteristics with agile development methods. The “user in the house” used in agile projects becomes anyone anywhere who downloads the open source product, tries it out, and submits bug reports that suggest new features. 
This style of development results in a certain loss of control by the organizers of the development effort. Users, through feature requests, have a strong voice in setting the priorities for the development schedule.  
4 Impact on Software Product Lines

The strategy of being open provides several opportunities for a software product line organization to improve how it operates. In particular, openness has implications for a number of the practices defined in the Framework for Product Line Practice from the SEI. We first discuss several of these and then we consider other implications.
4.1 Make/Buy/Mine/Commission

Software product line organizations accumulate assets for a variety of purposes. With each one, a Make/Buy/Mine/Commission analysis is performed to determine the best way in which to acquire the asset.  The open source strategy adds another possibility: collaboration.
A software product line organization can initiate or join an open source development project to obtain an asset needed for the product line. In this scenario, the product line organization influences the direction of the project to ensure that what the product line needs is what the open source project provides. This can be done in several ways.

The product line organization (PLO) may locate an existing open source project (OSP) that is already well on the way to developing the needed asset.  The PLO contributes the time of one or more staff to the OSP. If handled properly, the extra resources will speed the development. There are ways to do this. For example, the new people could be assigned to test modules or the integrated product. Open source development relies heavily on many people reading the source code.    
The product line organization may locate an existing open source project that is in the same general area of need. The PLO could contribute the time of several staff to start a new thrust within the OSP. For example, the Eclipse organization has a process for initiating a new subproject within the scope of a larger project. The PLO could essentially develop the needed asset with only their own personnel as committers. This is still different and advantageous from the “Make” option. The asset will be part of the asset base of the OSP but also of the asset base of the PLO.  The PLO takes this option only if the asset under development is not within the PLO’s competitive focus.
The product line organization may not find any existing open source project that is sufficiently close to the area of the needed asset. This scenario is handled in the next section.
Make/Buy/Mine/Commission becomes Make/Buy/Mine/Collaborate/Commission because the addition of collaborate adds significantly different characteristics from the other choices. Comparing collaboration to each of the other choices we have:
· Collaborate – The organization will expend some resources to obtain a non-proprietary right to use the software asset. 

· Make – The usual definition of Make would have the organization expending all the resources but having sole rights to the output of the work. The collaborative choice requires fewer resources but provides less exclusive rights to the asset.
· Buy – The organization expends less resources than if they made the asset and shares the right to use the asset with the set of customers for the asset.  Taking the collaborative choice, the organization expends less resources than buying the asset but shares rights with a potentially larger group since the price is lower. 
· Mine – The organization spends resources but has exclusive rights to the use of the asset.
· Commission – The organization spends what is probably the maximum amount of resources but has exclusive rights of use.
4.2 Externally available software

Open source software is often imported into a development effort other than the one in which it was created. One of the issues with doing this is how readily one developer can reuse another developer’s code. The answer does not lie with coding standards or documentation for the code. It lies with the architecture and design of the software.

Software reuse is more likely to happen if an entire existing module can be used. Reuse happens through extension, replacement, parameterization, or wrapping rather than modification. The technical key to gaining adoption of open source produce by an open development effort or to adopting open source that is useful is modularization. Spending more on the architecture will add great value later in the development process.
4.3 Customer interface management

The open development approach makes the Customer Interface Management more transparent. The open development approach involves a very close customer relationship similar to that of the agile community, but going even further. The typical open development project delivers incrementally. Many make the nightly builds, which are available to the committers, available to all through a publicly available configuration management system. 
This approach to customer management has many benefits but some challenges as well. Having many eyes on a product and its code is a very good way to find defects. However, if feedback also includes suggestions for new features, the producing organization must be willing to accommodate this style of direction. 
4.4 Architecture definition

The success of an open source product is dependent on its architecture. In particular, architecture definition must produce an architecture that is sufficiently modular to provide for high levels of parallel work and for potential contributors to find work that is of the magnitude and has the content to be attractive. In fact, an open source product should have a much more modular architecture than is usual. 
Baldwin and Clark provided a thorough analysis of the impact of modularity on the value of the architecture. They show that increasing modularity increases the value of the options that the organization has as to how to use the modules.

Beyond modularity, one meaning of the “open” label is that the architecture can be modified and extended. The architecture definition must include mechanisms that support the modularity and modifiability.

4.5 Collaboration within a product line organization

One of the interesting ideas to emerge from the open source community is an approach to development which shows promise for certain types of software intensive products. In this section we describe possible means of structuring a product line that uses this approach to development.

The main interaction in the day-to-day operation of a software product line is between core asset developers and product builders. This is seldom a face-to-face interaction. The core asset developers create a production plan that describes how to build a product using the core assets and provide that to the product builders. This is typically a static document supplemented by an FAQ or perhaps a Help Desk.  

The open source community has a much larger number of parties working on a project. They typically support dynamic asynchronous communication. Using wikis and mailing lists for example, anyone in the community’s ecosystem can engage the community in a conversation; although, most conversations are with a relatively small portion of the community.

Our open development software product line would be a cohesive community in which communication is open and rapid. Feedback on problems with core assets would be immediate and available for all to see. This does not mean that core asset developers would drop everything to fix the problem, but priority setting would take place in a more open manner. 

What fixes are made, would be available to the product builders much more rapidly. Posting nightly builds and bug fix information would allow a developer to see when a bug they are interested in is fixed and they could begin to test against that new code before the next “official” release.

The software developed by an open development product line would not necessarily by open sourced.

4.5.1 Cross units product line

One of the issues that arises in some product lines is how to manage a product line that cuts across business units. Open source projects, even the fairly commercialized ones, cut across independent companies. All of these companies have business objectives they are trying to meet using the open source strategy.

Open development requires a clear and rational decision hierarchy that is shallow. 

Open development thrives in an environment in which the hierarchy is determined by merit and commitment rather than position.

4.5.2 Project and product line

One of the ways that open development makes rapid progress is to have relatively small projects. Projects in the Eclipse organization are often less than 10 people. This goes back to the need for a modular architecture so that interested parties can find interesting work without it being grouped with uninteresting work. 

Small projects that integrate into larger products are a norm for product lines. Individual reusable assets are developed in the context of a software architecture and then assembled into products.  

An issue here is the dependencies among the core assets.  The experience with Eclipse shows the value of a good architecture to keep the number of dependencies small.

On the other hand, very small projects carry too much overhead. Again, looking to Eclipse we can see small projects being organized into groups and deliveries being merged into large segments such as the recent Europa. This appears to be a satisfactory tradeoff. Independent development of small relatively independent units aggregated into synchronized deliveries. 
4.6 New business model

Eclipse is a new business model for an open organization. It uses a slightly unusual IRS designation for its foundation.
4.6.1 Release early, release often

One of the meanings of “open” is to be accessible for those outside the producing organization to use, evaluate, and critique. This usually results in early releases of limited functionality that has lower levels of reliability than a normal commercial product. This can run counter to the usual business model where reliability is part of the organization’s reputation.
The feedback from these early releases is used to correct mistakes, change priorities, and add features for future development.  The feedback begins a communication between active committers and the user community.  
The early releases also contribute to community building. Some contributors begin as users. When they have something in hand the project has their attention and they are much more likely to begin contributing. They will contribute alternative implementations where they disagree with what has been contributed so far. They will contribute new features that they want and are willing to share.
5 Scenarios

There are many ways in which OSS and SPLs can be blended. For our purposes four scenarios capture the range of interest. In this chapter we define each scenario and give a brief description of how it would affect a product line organization.
5.1 A product line organization using open source software

According to this scenario, a product line organization (PLO), as part of its make/buy/mine/commission analysis, decides to use one or more existing open source software products (OSS).  As a part of that analysis the PLO downloads the current stable build of the product, analyzes it in the context of the scope of the product line, and identifies additional features that would be useful. The PLO initiates feature requests regarding the OSS through the bug reporting facility of the OSS project. The PLO may later decide to implement high priority requests themselves. They will not contribute these additions back to the project since these represent proprietary information of the company.
The PLO can begin using the OSS immediately. If the OSS is to be a part of multiple products then the core asset team takes ownership. The PLO examined the roadmap for the OSS. From this they have a tentative schedule for taking delivery of new stable builds and replacing the existing OSS with the new version. Individual developers will be allowed to download nightly builds only for the purposes of testing specific functionality. No product release from the PLO will contain anything other than a stable build of the OSS.
As a part of their original analysis they examined the test cases written for the OSS. These tests can now be added to the PLO’s core asset base. Additional test are added to test the OSS in the context of the product line. These tests are automated so that they can be applied every time a new stable build is accepted into the core asset base.  

As part of the product definition process, the appropriate licenses and disclaimers regarding the OSS are included in the deployment script to ensure that legal requirements are met. The source code for the OSS will not be distributed with the product so during the original analysis, one selection criteria was to have a license that allowed derivative works.
5.2 a product line organization participating in open source development

Under this scenario, a product line organization (PLO) makes a make/buy/mine/commission analysis and decides instead to collaborate on the development of software that it needs for its own operations with some of its competitors. The PLO would not have made the same decision if the software to be developed was for one of their competitive products, but software for internal operations needs to be as cheap as possible. The PLO will not get the high levels of reuse it experiences in its own products since there are not multiple opportunities for use. 
It is likely that the lead time necessary to produce a product is longer using this approach, the exact shape of the end product less certain, and the exact delivery schedule also less certain. However, having a product that can be tailored to their specific needs for a fraction of the cost is worth some additional uncertainty. Using their own personnel to develop the support software would tie up valuable resources and divert attention from the PLO’s goals and objectives.
While deciding to develop the software as open source, the PLO had to identify an appropriate license that would meet their objectives and they had to find partners. The PLO will not own the software but will have unlimited rights to use the software based on the license selected. This eliminates legal costs for structuring partnerships and long negotiations over ownership of the intellectual property rights. During the decision making process about going open source, the PLO had talks with several business partners and others identified at an industry conference. Out of a Birds-of-a-Feather session at the conference the nucleus of interest was spawned for the open source project.
5.3 An open product line organization

Under this scenario, an organization, building open source software, uses a software product line strategy to structure its approach to development. The organization, unlike many open source efforts, must have a vision of several related products that have substantial commonality. The top level of the organization coordinates across a set of projects that have specific goals. Some of these projects may provide end-user functionality but others may produce infrastructure components needed behind the scenes. 
The customer interface becomes transparent in this scenario. In fact, in some cases, the users become product builders. They follow the “prescribed way” of building a product because they are provided tools that embody the product building method.

Although there is no indication that the Eclipse Foundation set out to create a product line of open source products, our investigation shows that is what they did. The Eclipse Foundation hosts a number of open source projects intended to produce software development tools that are distributed as open source. The tools address a common mission (software development tools) with products that are built from a set of core assets (the plug-ins created by the projects).
The Eclipse software architecture uses the concept of a plug-in as the primary organizing structure. Each project distributes their functionally as a series of plug-ins divided into “features” which specify what the tool offers and “plug-ins” which implement the specified behavior. This is the “product” of an individual project in Eclipse. From the top level perspective, each of these products requires the basic Eclipse platform project. The platform is deployed and the project’s product is deployed after. So the end-user product is the platform plus one or more packages of plug-ins from a project.

The end-user installs these pieces, becoming the product builder and integrating them to form a product. The “prescribed way” of building the product is to load files into specified directories in the platform. Projects typically also provide a number of parameters that can be configured in their tool. The Eclipse projects collaborate and there are some combinations of plug-ins that are packaged together to serve the needs of a particular group. For example, currently there are packages for Java programmers, C++ programmers, and others.
5.4 A product line organization using open source development techniques 

Under this scenario, a software product line organization (PLO) decides to adopt development practices like those used by the large, distributed open source development organizations. The software they produce may be under any type of license including proprietary. The PLO uses the two separate divisions - core asset builders and product builders – to structure its production capability.  The core asset base is set up as a repository of artifacts available through a configuration management tool. A set of graded builds from nightly to stable release is provided through the repository. The corporation imposes the restriction that any delivered product may only contain software from a stable build. The less than stable builds are made available simply to give early exposure to bug fixes. 
A sub-scenario here might be:  A program office funds a product line of products that cut across customers and providers. One or more vendors develop core assets while a set of vendors develop products. The “core assets as a library” approach will not suffice. There must be close coordination and much interaction among the parties if the economies of strategic reuse are to be achieved. An open development model provides an approach to managing this effort. 

We have not found a product line organization that uses an open development approach while not delivering their products as open source. We will hypothesize how such an organization might function by using some information about DTE a commercial organization, which has been using an open development approach for their internal products for about a year and information about Eclipse. 
The interaction between the core asset builders and the product builders is highly dynamic much like an agile process. The core asset base is open to all within the product line organization. There is a hierarchy of builds from nightly builds to stable builds.  The organization is run transparently. All decisions are made public (within the organization) and time is devoted to recording rationales for all decisions.

6 Infrastructures, communities, and ecosystems

Openness is collaborative. The collaboration unites the collaborators in a common goal. The collaboration forms the nucleus for a variety of interactions. Some open efforts create formal organizations with by-laws and governing boards and some simply use informal social contracts where trust is established as a result of useful, timely contributions to the common purpose. The fundamental requirement for any open effort to succeed is to attract and engage collaborators. In this section we discuss three standard groupings and a technique for supporting these groupings, the virtual organization.
6.1 Infrastructures

A small project can most easily get started by taking advantage of one of the existing infrastructure sites for open source projects. Organizations such as SourceForge provide the infrastructure for making code available and the tools necessary to facilitate communication. The various projects using the same infrastructure have no relationship with each other. Contributors may move from one project to another but that is an individual decision.

The typical infrastructure provided includes a webserver and web page templates so that a project’s artifacts can be made available. A configuration management system available through the website provides access to the software in a variety of forms including binaries for one or more platforms and source code. 

Infrastructure websites provide a variety of ways for collaborators to communicate. A bug reporting system is used both as a mechanism for capturing bugs but also for suggesting new features.  An FAQ section allows project committers to provide answers to common questions reducing the load on the mailing lists. A wiki may be provided to aid in the development of documents, or to encourage collaborations in arriving at definitions or specifications.
Like many websites offering service, the open source infrastructures are evaluated by …

6.2 Communities

These infrastructure sites provide the opportunity for communities to form. There are at least three constituencies that may form communities around an open source project: users, contributors, and committers. The users of the software produced by a project collaborate with a project by submitting bug reports and feature requests. They form a community by supporting each other through mailing lists and other communications to answer questions and help newcomers start to use the software. When a user posts a query on a mailing list or forum, it may be another user who responds rather than one of the project’s committers.
Contributors provide content to the project. They build single modules or much larger pieces. A contributor who makes numerous high-quality contributions may be voted into the committers’ community. The committers have write privileges to the code base and control the direction of the official project by setting priorities for scheduling features for development. Of course anyone can download the source code and extend it in their chosen direction. 
The communities are where innovation happens. Members of a community suggest new features by submitting bug reports. Other members of the communities see these suggestions and those spark new ideas and further suggestions. Much like the “many eyes” approach to bug detection, a “many brains” approach helps identify, sharpened, and realize significant ideas. By engaging the entire spectrum from users to implementers, ideas are considered from a variety of perspectives.
The community is evaluated by each of the members of the community. Ultimately the community is working if each of the members is achieving their individual goals and the goals of the community are being achieved as well. 

6.3 Ecosystems
The ecosystem surrounding an open source project includes all of the entities and actions that impact the health of that project or whose health is affected by the project. The communities mentioned in the previous section are all part of the ecosystem but so are the free riders whose business plan includes using the project’s software, holding conferences for the communities, and publishing materials about the open source artifacts.
It is within the ecosystem that the complete open value proposition is realized. A company contributes to the open source project while making money from complementary sources. An individual gains status that leads to a job in a company in an area related to the project. A company free rides by using open source without contributing directly, but indirectly spreads the reputation of the open source organization.
Consortia, such as the Object Management Group (OMG), often evolve into an ecosystem for multiple open efforts. OMG, which has defined numerous open standards, provides a website that includes a list of vendors offering services related to the various standards. SourceForge has recently announced a similar service.
· Evaluation of the Ecosytem 

· how much economic value is being created

· Evaluation by the ecosystem

· Robustness: how durable and able to adapt the ecosystem is to external events

· Niche Creation: the ability to expand the ecosystem with meaningful diversity
6.4 Product lines and collaboration

A software product line organization provides a context within which strategic reuse occurs much like these organizational structures provide support and context to open source projects. 
6.5 Virtual organization
While each of the three groupings discussed in the previous sections are logically defined, a virtual organization is a logistically defined organization. 
A virtual organization is one in which the members are linked to achieve a purpose and then 

The cultural issues are important characteristics of virtual organizations that do not necessarily have a single organizational culture in place. For example, a prime cultural factor for GNU projects is whether the tools used in development are also free while a prime cultural factor for the Eclipse project is whether any decisions are made in a less than transparent manner.
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